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Objective: The aim of this study was to investigate the infectiousness of re-positive coronavirus disease 

2019 (COVID-19) patients. 

Methods: All nucleic acid testing (NAT) was performed using throat swabs, nasopharyngeal swabs, and 

anal swabs, which were tested by Fluorescent quantitative realtime PCR. Re-positive cases were defined 

as a discharged patient who re-tested positive by NAT. Micro-neutralization of severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) was performed based on the methods for severe acute respira- 

tory syndrome (SARS) and Middle East respiratory syndrome (MERS) viruses. IgM and IgG against the N 

protein of SARS-CoV-2 were determined by ELISA. 

Results: A total 255 (16.04%) of 1590 COVID-19 patients were re-positive. The re-positive cases were 

more likely to occur in patients in the 20–39 years age group and in patients with disease of moderate 

severity. Quantitative PCR showed that cycle threshold (Ct) values and viral loads were both far lower 

than in the hospitalized COVID-19 patients. The viral load in re-positive cases was very low. Viral culture 

of the samples from re-positive patients showed no cytopathic effect, and NAT of the culture medium of 

viral cultures all exhibited negative results. 

Conclusion: The viral load in re-positive cases was very low; patients were not infectious and the risk of 

human-to-human transmission was extremely low. Discharged COVID-19 patients should undergo home 

health management for 3 weeks. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Coronavirus disease 2019 (COVID-19) is caused by severe acute 

espiratory syndrome coronavirus 2 (SARS-CoV-2) ( Huang et al., 

020 ). Since it was first reported at the end of 2019, COVID-19 

as become a global pandemic due to the high transmissibility of 

he virus ( World Health Organization, 2020 ). According to the Di- 

gnosis and Treatment Protocol for Novel Coronavirus Pneumonia 
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rol and Prevention, Chinese Academy of Medical Sciences, No. 160, Qunxian Road, 

ashi Town, Panyu District, Guangzhou 511430, Guangdong Province, China. Tel.: 

20-31051212. 
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Trial Version 6) released by the National Health Commission of 

hina ( National Health Commission of China, 2020 ), all discharged 

OVID-19 patients should undergo a 14-day medical observation 

nd quarantine. During this period, some discharged patients are 

ound to re-test positive for SARS-CoV-2; these cases are defined 

s ‘re-positives’. Several studies have reported the occurrence of re- 

ositives among discharged COVID-19 patients ( Chen et al., 2020 ; 

oang et al., 2020 ; Jiang et al., 2020 ; Peng et al., 2020 ; Yuan J

t al., 2020 ). It has been reported that about 7–10% of COVID-19 

atients re-test positive for SARS-CoV-2 RNA by RT-PCR after dis- 

harge ( Cao et al., 2020 ; Yuan B et al., 2020 ). However, the in-

ectiousness of re-positive COVID-19 patients is largely unknown. 

herefore, the aim of the current study was to investigate the in- 

ectiousness of re-positive COVID-19 patients. 
ty for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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. Methods 

.1. Study subjects 

In accordance with the Diagnosis and Treatment Protocol for 

ovel Coronavirus Pneumonia (Trial Version 7) released by the Na- 

ional Health Commission of China ( National Health Commission of 

hina, 2020 ), a patient positive for both the ORF gene and N gene

f SARS-CoV-2 by nucleic acid tests (NATs) was diagnosed with 

OVID-19. Re-positives were defined as a patient who re-tested 

ositive by NAT after reaching the discharge standard (with neg- 

tive results in two consecutive NATs). As of May 18, 2020, a total 

f 1590 COVID-19 patients had been diagnosed in the Guangdong 

rovincial Center for Disease Control and Prevention. Of these, 439 

atients with neutralizing antibody (NAbs), IgM, and IgG data were 

ncluded for serological analysis, including 237 re-positive cases 

nd 202 non-re-positive cases. 

.2. Nucleic acid testing 

The SARS-CoV-2 nucleic acid detection kit (Shanghai Berger 

edical Technology Co., China) was used to detect the ORF1ab 

ene and N gene of SARS-CoV-2 using dual fluorescence reverse 

ranscription PCR (RT -PCR), according to the manufacturer’s pro- 

ocol ( Xu et al., 2020 ). 

.3. Virus isolation and culture 

The throat swabs, nasal swabs, and stool specimens of re- 

ositive cases were collected for virus isolation in a biosafety level 

 (BSL-3) laboratory using Vero-E6 cells. A 200- μl aliquot of the 

pecimens from re-positive cases was added to a cell culture tube 

ontaining a single layer of Vero-E6 cells (80-95% confluency) using 

ulbecco’s Eagel medium (DMEM) (1% fetal calf serum (FCS), 100 

 penicillin/ml, 100 μg streptomycin/ml, and 2 mM glutamine), 

ollowed by incubation for 3–7 days in a 37 °C, 5% CO 2 incuba- 

or. When the cytopathic effect (CPE) was observed in all cells, the 

upernatant was aspirated into a new culture flask for subculture, 

nd part of the supernatant was stored at −80 °C. 

.4. Confirmation of negative COVID status before discharge 

The negative COVID status was confirmed before discharge as 

ollows: (1) body temperature returned to normal ( < 37.3 °C) for 

ore than 3 days; (2) significant relief of respiratory symptoms; 

3) computed tomography (CT) imaging showed that pulmonary 

nflammation was obviously absorbed; (4) two consecutive NATs 

howed negative results, and the interval between the two tests 

as at least 1 day. For the last sample tested before discharge, a 

hroat swab, nasopharyngeal swab, and anal swab were tested by 

eal-time fluorescence quantitative PCR; (5) after discharge, the pa- 

ient needed to be home quarantined for 14 days and received a 

AT on days 7 and 14 after discharge. Those with a negative re- 

ult were released from home quarantine, and those with positive 

esults were hospitalized again for treatment. 

.5. Serum sample preparation 

For serum sample preparation, 3 ml of venous blood was col- 

ected in a vacuum blood collection tube, followed by incubation 

t room temperature for 20–120 min. After that, the tube was cen- 

rifuged at 10 0 0 rpm for 20 min, and the resulting supernatant was

ollected as a serum sample. 
6 
.6. Micro-neutralization of SARS-CoV-2 

SARS-CoV-2 is a new virus, hence there is no established 

ethod of micro-neutralization test or threshold for a positive NAb 

iter. Diagnosis and treatment of Severe Acute Respiratory Syn- 

rome Coronavirus (2003) established by China CDC. Since SARS- 

oV-2 belongs to the betacoronaviruses, the micro-neutralization 

est method and threshold for positive NAb titer were established 

ith reference to those of severe acute respiratory syndrome coro- 

avirus (SARS-CoV) ( Chinese Medical Association and Chinese Soci- 

ty of Traditional Chinese Medicine, 2003 ) and Middle East respi- 

atory syndrome coronavirus (MERS-CoV) ( GuangYu et al., 2013 ). 

ll procedures of the micro-neutralization test were performed 

n a BSL-3 laboratory. First, 120 μl of diluted serum sample 

1:4 to 1:1024 dilution) and 120 μl of SARS-CoV-2 virus stock 

20SF014/vero-E6/3, titer 100 × TCID 50 in 50μl) were added to the 

6-well plate, followed by incubation in a 37 °C, 5% CO 2 incuba- 

or for 2 h. An aliquot of 100 μl of the virus–serum mixture was 

dded to a 96-well micro cell plate containing a Vero-E6 cell sus- 

ension (1 × 10 4 to 2 × 10 4 cells/0.1 ml), followed by incubation 

n a 37 °C, 5% CO 2 incubator for 5–7 days. When the 100 × TCID 50 

n 50μl antigen control well showed complete CPE, the CPE results 

f each well were recorded. The reciprocal of the highest dilution 

f the serum that can protect 50% of the cells from CPE was de- 

ned as the titer of NAbs for SARS-CoV-2. A NAb titer ≥1:4 was 

efined as a positive result. 

.7. ELISA assay for IgM and IgG against the N protein of SARS-CoV-2 

The recombinant nucleocapsid protein (N protein)-based ELISA 

it (ZhongshanShengWu, Zhongshan, China) was used for the de- 

ection of IgM (N-IgM) and IgG (N-IgG) against the N protein of 

ARS-CoV-2 in four patients, according to the manufacturer’s pro- 

ocol. These four patients were originally close contacts of COVID- 

9 patients and then became COVID-19 patients after becoming 

nfected. During quarantine management, it was found that the 

our patients had started to produce antibodies before a positive 

AT result. Since the antibody can be detected at an early stage, 

he changes in antibody levels can be monitored during the entire 

ourse. Briefly, serum sample (100 μl, diluted 1:100) was added to 

he pre-coated plates, followed by incubation with horseradish per- 

xidase (HRP)-conjugated rN protein of SARS-CoV-2 (100 μl, 37 °C 

or 30 min) and then 3,3 ′ ,5,5 ′ -tetramethylbenzidine (TMB) sub- 

trate solution (50 μl). The reaction was terminated by adding 50 

l of 2 M sulfuric acid, and the absorbance value at 450 nm and 

30 nm (A450–630) was determined. According to the kit instruc- 

ions, the diagnostic cutoff value was 0.15 for IgM and 0.25 for IgG. 

hen A450–630 was greater than or equal to the cutoff value, the 

est was considered positive. Three replicates of each sample were 

ncluded on each plate. 

.8. Statistical analysis 

Continuous data were recorded as the mean ± standard devi- 

tion (SD). For comparisons between the two groups, the Student 

ndependent t -test was used. The Mann–Whitney U -test was used 

f the normality of continuous variables was not assumed. Cate- 

orical variables were recorded as the number and percentage and 

ere compared using the Chi-square test or Fisher’s exact test (if 

n expected value ≤5 was found). For comparisons between two 

ependent dichotomous variables, the McNemar test was used. Lo- 

istic regression models were used to investigate the association 

etween independent variables and being re-positive. A two-tailed 

 -value < 0.05 was recognized as significant different for each test. 

ll analyses were performed using IBM SPSS Statistics version 25 

IBM Corp. Armonk, NY, USA). 
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Figure 1. The re-positive rate in the regional population by (A) age group, and (B) severity group. ∗P < 0.05 compared to the mild group; �P < 0.05 compared to the critical 

group. 

Table 1 

Demographic and clinical characteristics of the patients 

Parameters Non-re-positive ( n = 202) Re-positive ( n = 237) All ( n = 439) P -value 

Sex 0.105 

Male 102 (50.50%) 138 (58.23%) 240 (54.67%) 

Female 100 (49.50%) 99 (41.77%) 199 (45.33%) 

Age (years) 41.86 ± 19.84 38.63 ± 19.57 40.09 ± 19.74 0.090 

Age group (years) a 0.392 

1–19 29 (14.87%) 43 (18.14%) 72 (16.67%) 

20–39 63 (32.31%) 87 (36.71%) 150 (34.72%) 

40–59 67 (34.36%) 65 (27.43%) 132 (30.56%) 

≥60 36 (18.46%) 42 (17.72%) 78 (18.06%) 

Severity a < 0.001 

No symptoms 27 (16.46%) 0 (0.00%) 27 (7.44%) 

Mild 20 (12.20%) 35 (17.59%) 55 (15.15%) 

Moderate 90 (54.88%) 156 (78.39%) 246 (67.77%) 

Severe and critical 27 (16.46%) 8 (4.02%) 35 (9.64%) 

Time after symptom onset (days) 41.66 ± 20.07 55.30 ± 16.57 49.02 ± 19.47 < 0.001 

Quarantine days 4.29 ± 4.76 4.44 ± 4.63 4.38 ± 4.66 0.863 

Data presented as the number and percentage, or as the mean ± standard deviation. 
a Age and disease severity data were missing for some patients, hence the sum for these two variables is not equal to 

the sample size of each group. 
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. Results 

.1. Epidemiology and analysis of viral load in re-positive COVID-19 

atients 

As of May 18, 2020, a total of 1590 COVID-19 cases had been 

iagnosed in the study center; of these, 255 (16.04%) were re- 

ositive cases. The male to female sex ratio was 1:1 and the 

edian age of the patients was 34 years (range 0.25–86 years). 

he re-positive rate decreased significantly with increasing age 

 Figure 1 A) and increasing severity of the disease (except for criti- 

al patients, Figure 1 B) (all P < 0.05). 

A NAT was performed for 223 re-positive patients. Of these, 

4.13% (143/223, cumulative) were re-positive within 7 days af- 

er discharge and 99.55% (222/223, cumulative) were re-positive 

ithin 14 days after discharge; the range was from 1 to 64 days 

median 10 days). Of the re-positive cases, 62.78% (140/223, cumu- 

ative) turned negative within 2 weeks after becoming re-positive 

nd 71.30% (159/223, cumulative) turned negative within 4 weeks 

fter becoming re-positive. The time range of turning negative was 

rom 6 to 75 days (median 20 days). 

Quantitative fluorescence PCR revealed a mean Ct value for 

he virus ORF1ab gene in 87 re-positive patients of 37 (range 

2 to 40). The mean viral load was 1138 copies/ml (range 18 

o 6430 copies/ml), which was far lower than those of the hos- 

italized COVID-19 patients (critical, 3.0 × 10 7 copies/ml; se- 
7 
ere, 1.1 × 10 7 copies/ml; moderate, 7.4 × 10 6 copies/ml; mild, 

.9 × 10 6 copies/ml; no symptoms, 6.0 × 10 5 copies/ml). 

.2. Serological analysis 

A total of 439 patients (mean age 40.09 ± 19.74 years, 240 male 

nd 199 female) with NAbs, IgM, and IgG data were included for 

erological analysis, including 237 re-positive cases and 202 non- 

e-positive cases. As indicated in Table 1 , the re-positive group 

ad significantly less severe and critical disease cases and a longer 

ampling time after symptom onset as compared with the non-re- 

ositive group (both P < 0.05). 

As shown in Table 2 , the level and positive rate of IgM were

ignificantly lower in the re-positive group than in the non-re- 

ositive group (both P < 0.05). No significant difference in NAbs 

r IgG results was found between the groups. 

Micro-neutralization showed positive results in 222 (93.67%) 

e-positive patients and 184 (91.09%) non-re-positive patients 

 P = 0.307). For the re-positive group, the antibody could be tested 

ositive at a median of 58 days (range 1 to 85 days) after on- 

et, and the mean titer was 1:34.4 (range negative to 1:2048). For 

he non-re-positive group, the antibody could be tested positive 

t a median of 42 days (range 3 to 85 days) after onset, and the

ean titer was 1:109.9 (range negative to 1:1024). The titer did 

ot differ significantly between the re-positive and non-re-positive 

roups ( P = 0.477). 
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Table 2 

Serological analysis of re-positive and non-re-positive patients 

Parameters Non-re-positive ( n = 202) Re-positive ( n = 237) All ( n = 439) P -value 

NAbs 

Negative 18 (8.91%) 15 (6.33%) 33 (7.52%) 0.307 

Positive 184 (91.09%) 222 (93.67%) 406 (92.48%) 

IgM level 0.33 ± 0.67 0.19 ± 0.56 0.26 ± 0.62 0.017 

Negative 141 (69.80%) 190 (80.17%) 331 (75.40%) 0.012 

Positive 61 (30.20%) 47 (19.83%) 108 (24.60%) 

IgG level 1.17 ± 0.93 1.03 ± 0.79 1.10 ± 0.86 0.099 

Negative 27 (13.37%) 44 (18.57%) 71 (16.17%) 0.140 

Positive 175 (86.63%) 193 (81.43%) 368 (83.83%) 

NAbs, neutralizing antibodies. 

Figure 2. The levels of (A) anti-NP-IgM, and (B) anti-NP IgG in four patients (patients A, B, C, and D) over time. (NP, anti-nucleocapsid protein.) 

Figure 3. The cytopathic effect (CPE) levels in Vero-E6 cells after being infected with virus in the neutralization study: + 25%, ++ 50%, +++ 75%, ++++ 100%. 
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Continuous sampling on OD 450–630 for N-IgM and N-IgG protein 

as performed for four re-positive cases. As shown in Figure 2 , no 

bvious trend was found in N-IgM. Patient D was found to be N- 

gG positive on the fourth day after onset, while the other three 

atients were positive on the sixth day after onset. The OD 450–630 

or N-IgG of patient D increased intensely on days 1, 2, and 4 and

hen remained stable. The OD 450–630 for N-IgG of the other three 

atients reached a high peak on day 30 to 35, decreased on day 35

o 40, and plateaued after day 45. 

.3. Viral load in re-positive patients 

The gene copy of ORF was 1.6 × 10 4 copies/ml (range 6.3 × 10 5 

o 17 × 10 5 copies/ml) and of N was 1.6 × 10 4 copies/ml (range 
8 
.3 × 10 5 to 17 × 10 5 copies/ml). These results were far lower than 

he results before turning re-positive. 

No cytopathic effect was found and no virus was isolated with 

asopharynx and stool samples of 92 re-positive patients infection 

ero-E6 cell. SARS-COV2 gene was not detected on qPCR of the 

ulture medium of vero-E6 cell incubated with patients specimen. 

his might have been due to the low viral loads in the samples 

 Figure 3 ). 

. Discussion 

The term ‘re-positive’ is defined as the detection of SARS-CoV- 

 nucleic acid in the body again after a COVID-19 patient has re- 
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Y  
overed and been discharged. Re-positive cases have been reported 

n several countries, including China ( Wong et al., 2021 ), Japan 

 Schneider et al., 2020 ), and Brunei ( Wong et al., 2020 ). The re-

ults of the current study showed that re-positive cases were more 

ikely to occur in patients in the age group of 20–39 years and in

atients with disease of moderate severity. Continuous monitoring 

nd sampling of re-positive patients revealed that 64.13% of cases 

e-tested positive by NAT within 7 days after discharge and 99.55% 

f cases were re-positive within 14 days. Of all the re-positive 

ases, 71.30% turned negative within 4 weeks after becoming re- 

ositive. Therefore, for discharged patients, 14 days of medical 

solation and monitoring are required, and re-positive cases need 

o be monitored continuously for at least 14 days until turning 

egative. 

In this study, fluorescence qPCR detection of the ORF1ab gene 

howed that the mean Ct value and the mean viral load were 

oth far lower in the re-positive cases than in the hospitalized 

OVID-19 cases. In the re-positive cases, no CPE was observed 

uring cell passage for three generations. Furthermore, NATs all 

xhibited negative results for the culture medium of viral cul- 

ure. These results suggest that the viral load of the re-positive 

ases was very low, they were not infectious and the risk of 

uman-to-human transmission was extremely low. Consistent with 

hese findings, a Japanese study by Ogawa et al. ( Schneider et al., 

020 ) analyzed 15 healthcare personnel who had contact expo- 

ure and aerosol exposure to re-positive COVID-19 patients, and 

ound that all healthcare personnel were negative for SARS-CoV-2 

n both the serological analysis (IgG) and PCR tests (nasopharyn- 

eal swabs) on day 10. In addition, none of them had any symp- 

oms or apparent infection during 10 days of active isolation. Like- 

ise, a study by Wong et al. in Brunei reported that all 111 close 

ontacts exposed to the 21 re-positive cases had a negative RT- 

CR result for SARS-CoV-2 ( Wong et al., 2020 ). All of these re-

ults suggest a low infectivity potential in re-positive COVID-19 

atients. 

There are some limitations to this study. First, the sample size 

as relatively small. In addition, due to the retrospective nature 

f this study, not all patients had complete data. In the future, a 

arge prospective trial should be conducted to validate the findings 

f this study. 

In summary, this study suggests that although COVID-19 pa- 

ients recovered and the viral load was too low to be isolated, 

ARS-CoV-2 may still be excreted at a low level. Therefore, con- 

inuous monitoring of the viral load and antibody levels should 

e simultaneously considered in order to develop epidemic pre- 

ention policies. Serological analysis is especially important for 

atients with an extremely low viral load. We recommend that 

ischarged COVID-19 patients should undergo home health man- 

gement for 3 weeks. If no symptoms are presented during the 

 weeks, the patients can return to normal life after clinical 

onsultation. 
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